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Abstract
Magnetic carbon nano-structures have potential applications in the field of spintron-
ics as they exhibit valuable magnetic properties. Symmetrically sized small fullerene
dimers are substitutional doped with nitrogen (electron rich) and boron (electron de-
ficient) atoms to visualize the effect on their magnetic properties. Interaction energies
suggests that the resultant dimer structures are energetically favourable and hence can
be formed experimentally. There is significant change in the total magnetic moment
of dimers of the order of 0.5 µB after the substitution of C atoms with N and B, which
can also be seen in the change of density of states. The HOMO-LUMO gaps of spin up
and spin down electronic states have finite energy difference which confirm their mag-
netic behaviour, whereas for non-magnetic doped dimers, the HOMO-LUMO gaps for
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spin up and down states are degenerate. The optical properties show that the dimers
behave as optical semiconductors and are useful in optoelectronic devices. The induced
magnetism in these dimers makes them fascinating nanocarbon magnetic materials.
1 Introduction
The discovery of C60, among fullerene family has triggered an interest in the field of carbon
nano-structured materials due to their fascinating physical and electronic properties[1, 2, 3].
An intensive research has been initiated for large and small fullerene derivatives after the
large-scale synthesis of C60 [1, 3, 4]. Small fullerenes have possible usage in the field of
nano-electronics, spin-electronics, molecular devices, superconducting devices, drug delivery
and energy storage owing to their unique physical and chemical properties [2, 5, 6, 7, 8]. C20
is the smallest fullerene cage which was synthesized using gas-phase debromination[9] and
was found to be less stable kinetically than higher fullerenes such as C36 or C60 due to its
strong curvature [10, 11]. The carbon cages like C32, C44 and C50 are important because of
their large ionization potentials and band gaps [12]. The spectrum of 11.2 µm unidentified
infrared band (UIR) indicates that C24 fullerene cage can be used as a carrier which acts as
a useful probe for astrophysical environment [13].
The surface of the fullerenes, depending on its inter and intra curvature, determine their
stability and electronic properties. The ability of the surface to react with other objects
strongly depends on its ability to form chemical bonds. In carbon networks, the substi-
tution of N and B is strongly favourable as they bracket carbon in periodic table. The
substitutional doping of N and B in fullerene cage structures leads to increase in their static
polarizabilities[14]. The first N doped derivatives of C60 and C70 were synthesized using
contact-arc vaporization of graphite in the vicinity of gaseous N2 and NH3 [15]. The iso-
lation of series of N-doped derivatives stimulated their theoretical studies further [16, 17].
The modification in chemical composition of small fullerenes can increase their stability [18].
The substitutional doping of C20 with transition metals, B and N atoms alters the charge
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distribution of cage, stability, polarity and electronic structure of small fullerenes [19, 20].
Substitution of N atoms at hetero-position in C20 cage induce Stone-Wales defect which
further depend on number and relative position of N atoms in C20 cage [21]. Though C36
cage like C60 can donate or gain maximum of 6 electrons but it has different properties[22].
The substitution of N and B in C36 cage alters the electronic properties and have tendency
to make polymer structures which have higher stability than their carbon counterparts[23].
The electronic structure of C50 isomers substituted by B and N form acceptor/donor pairs,
which could be useful in molecular rectification [24].
Small fullerene cages can also form dimer structures, as they have an ability to form inter-
cage bonds [25]. The dimerization of C60 fullerenes can occur in different phases like peanut,
dumb-bell and capped nanotubes, which has been confirmed experimentally [26, 27, 28]. The
study on polarizability of C60 dimers have shown that the effect of exaltation of polarizability
occur due to interaction of pi-electronic systems of fullerene cores[29]. Similar to C60, the
exaltation of polarizability also occur when small fullerene cages are united to form dimers
and is typical property for all the members of fullerene family (C20, C24, C30, C36, C50
and C70)[30]. The determination of molecular polarizability using Thole’s model have also
shown that there is enhancement in the polarizabilities of C60 oligomers[31]. The effect of
exaltation in polarizabilities of fullerene dimers is a common property and is independent on
their chemical nature and topological features[32].
The optical response of carbon allotropes have been tuned to make them useful for UV
light protection, light-to-energy conversion etc[33, 34]. C60 cage possess a low static dielectric
function having magnitude of 4.4 which is similar to that of diamond[35]. The optical gap of
C24 fullerene can be tuned with doping from visible to UV region[36]. The strong absorption
occur in UV region for C28 fullerene and their low values of reflectivity are useful for hybrid
solar cells[37]. The optical properties of both pure and doped dimers can be a very significant
study.
In our previous work, we have reported a systematic study on symmetrical and asym-
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metrical sized small fullerene dimers, which are likely to be formed experimentally [25]. Our
results have shown that the formation of small fullerene dimers strongly depend on the type
of inter-connecting bonds between two cages. The substitution of carbon atoms with N and
B atoms at junction of two cages can affect the structural, electronic, magnetic and optical
properties of these dimer structures. In the present work, the substitutional doping of N and
B at connecting bonds of symmetrically sized small fullerene dimers and their structural,
electronic, magnetic and optical properties are studied. Our results show the possibility of
the formation of such dimers with significant induced magnetic moment which can further
be used in nanocarbon magnetic materials.
2 Computational Details
The first principle calculations based on density functional theory were performed using
Spanish Initiative for Electronic Simulation with Thousands of Atoms (SIESTA) computa-
tional code [38]. The double-zeta polarized basis set combined with Perdew, Burkey and
Ernzerhof (PBE) functional was used for the geometry optimization [39]. The core elec-
trons were described by using Kleinman-Bylander form of non-local norm conserving pseudo
potentials [40] whereas numerical pseudoatomic orbitals of the Sankey-Niklewski type [41]
were used to represent the valence electrons. The size of pseudoatomic orbitals is defined
by energy shift parameter 325 meV. The fineness of a finite grid is defined by mesh cut-off
value i.e. 175 Ry. In order to obtain ground state properties, minimization of total energy
of the system has been executed by relaxing the residual forces of the system up to 0.004
eV/A˚. The energy eigen values have been plotted in order to get density of states (DOS)
spectra.
The test calculations have been performed on small fullerene cages to check the accuracy
of parameters used in our calculations. We found that calculated values of average bond
lengths, average diameters and HOMO-LUMO gaps are in good agreement with known
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theoretical and experimental results [5, 42]. The input parameters have been checked since
our group has already studied carbon based systems [43, 44, 45, 46, 47].
3 Results and Discussion
There are four different modes through which fullerene cages can connect to form dimer
structures[48, 49, 25]. These four modes are: [1+1] point mode, [2+2] side mode, [5+5] face
mode between two pentagon rings and [6+6] face mode between two hexagon rings [25, 49].
These modes have been studied in endohedral fullerene dimers Na@C60-C60@F and have
larger bond energies as compared to pi−(C60)2[49]. The most favourable bonding between C60
molecules is [2+2] cycloaddition through (i) dimerization via nucleophillic addition and (ii)
dimerization via coupling through an electron transfer step[50]. The endohedral complexes
of C60 dimers have higher stability in [1+1] mode whereas hyperpolarizabilities are higher
for [5+5] mode[49].
In our previous work[25], we have considered all the four modes to find the most stable
configuration for small fullerene dimers. C24−C24 and C28−C28 dimers have higher stability
in [6+6] and [5+5] modes respectively, whereas for C20−C20, C32−C32, C36−C36, C40−C40
and C44 − C44 dimers, [2 + 2] side mode is most favourable[25]. These modes have been
considered to visualize the effect of substitutional doping of small fullerene dimers. In these
most stable configurations, the two C atoms at connecting bond of dimer structures are
replaced with one nitrogen (N) and one boron (B) atoms, which alter the electronic as well
as magnetic properties due to donor/acceptor tendency of N and B respectively. The doping
positions of N and B are shown in Figure 1. In all dimer structures, positions shown on the
left cage are doping positions for N atom, whereas for B atom doping positions are shown
on the right cage. The stability for all the doped dimer structures depend on interaction
energy (Eint) which can be calculated using following expression
Eint = ECnN−CnB − ECnN − ECnB − ECC (1)
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where ECnN−CnB is total energy of doped dimer structure, ECnN is total energy of fullerene
cage doped with N, ECnB is total energy of fullerene cage doped with B and ECC is counter-
pose correction term which is considered here to remove basis set superposition error (BSSE)
in order to get more realistic values of interaction energy. The interaction energies for most
stable structures of pure dimers [25] and their doped derivatives are tabulated in Table 1.
The negative sign indicates the dimer structures are energetically favourable and are likely
to be formed experimentally. The more negative number shows the higher stability of doped
dimer.
The chemical hardness (η) and electronegativity (χm) for these doped dimers are calcu-
lated by using HOMO-LUMO energies and are given by following equations:
η =
ELUMO − EHOMO
2
(2)
and
χm = −EHOMO + ELUMO
2
(3)
respectively. The calculated parameters are tabulated in Table 1. The HOMO and LUMO
energy levels play important role in chemical stability[51]. The lower HOMO-LUMO gap
results in more intra-molecular charge transfer and hence more chemical activity of molecule.
As compared to other B and N doped carbon nanomaterials like sumanene[51, 52], these
doped dimers have higher chemical activity due to the lower values of η. The relative stability
of a molecule can be determined by its chemical hardness and the stability is directly related
to higher values of hardness[51, 52]. The calculated values of η for these doped dimers
are lower than that for B and N doped sumanene. The χm values for these structures are
comparable to B doped sumanene[51] but higher than their N doped derivatives[52].
The functions related to optical properties of the fullerenes are deduced from frequency-
dependent complex dielectric function, ε = ε1(ω) + iε2(ω), where ε1(ω) and ε2(ω) are the
real and imaginary parts of dielectric function. Fermi’s golden rule was used to obtain
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the imaginary part of dielectric function due to interband transitions using Kramers-Kronig
relations and the real part was then derived from imaginary part. The real and imaginary
part of dielectric function were used to calculate other functions such as absorption coefficient
(α(ω)), the optical conductivity (σ(ω)), the reflectivity (R(ω)) and the refractive index (n(ω))
as follows:
α(ω) =
√
2ω[
√
ε21(ω) + ε
2
2(ω)− ε1(ω)]r/2 (4)
σ(ω) = −i ω
4Π
|ε(ω)− 1| (5)
R(ω) = [
√
ε1(ω) + iε2(ω)− 1√
ε1(ω) + iε2(ω) + 1
]2 (6)
n(ω) = [
√
ε21(ω) + ε
2
2(ω) + ε1(ω)]
2/
√
2 (7)
where ω is the frequency of the electromagnetic radiation.
3.1 Structural Properties
The pure C20 − C20 dimer is most stable in [2+2] mode, which indicates that there are two
possible way of N and B doping on the two C-C connecting bonds [25]. Among two isomers,
the dimer in which N and B are substituted at (9,39) position is more stable in comparison
to the dimer with (N, B) doping at (12,40) position, which has relative energy difference
of 0.16 eV. The doped C20 dimer has higher stability than pure C20 dimer as a result of
more negative value of interaction energy. When N and B atoms are substituted at (9,39)
position, the dimer attains larger interaction energy and hence higher stability as compared
to (12,40) position of N and B. The chemical hardness for (9,39) have been found to be
higher in comparison to (12,40) indicating their higher stability. The electronegativity (χm)
has found to be independent of the position of doped atoms. The connecting bond length of
C-C bond in dimer is decreased from 1.55 A˚ [25] to 1.36 A˚ after doping. The bond length
of N - B bond is 1.40 A˚ which is slightly lower than B-N bond of hexagonal boron nitride
(1.44 A˚). The average diameter of doped dimer decreases to 4.06 A˚ from 4.17 A˚ [25]. The
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doping of C20 dimer at junction causes opening of fullerene cages with formation of tube like
structure.
C23N − C23B dimer has six isomers due to six connecting bonds in most stable [6+6]
structure. The six positions for substitutional doping of (N,B) are (4,28), (5,46), (8,47),
(22,29), (23,32) and (24,48). Table 1 shows that the stability of dimer decreases after its
substitutional doping. Among doped isomers, (22,29) position of (N,B) has highest stability,
whereas other isomers have finite energy difference with respect to (w.r.t.) (22,29). The η
and χm of most stable isomer structures have shown similar value with very small variation.
The bond length of N - B connecting bond is 1.68 A˚, which is larger than N - B bond (1.44
A˚) of hexagonal boron nitride, whereas C - C bond length is 1.58 A˚ which is comparable to
connecting bond length of pure C24 dimer [25]. The average diameter of both cages remains
almost same with doping of dimer structure.
C27N −C27B dimer has five isomers having doping positions of (N,B) at (13,34), (14,32),
(19,31), (22,36) and (23,52). Interaction energy shows that with substitutional doping of
C28 dimer, the stability increases. Among its five isomers, the most stable doping position
is (13,34), whereas other positions have relative energy difference w.r.t. most stable config-
uration. (13,34), (14,32) and (22,36) have higher chemical hardness values as compared to
other isomers while electronegativity is higher for (N,B) position at (23,52). The connecting
bond length of N - B and C-C bond in most stable dimer is 1.73 A˚ and 1.59 A˚ respectively.
The average diameter of both the cages remain same after substitution of foreign atoms.
For C31N − C31B, C35N − C35B, C39N − C39B and C43N − C43B dimers, there are two
isomers, as their [2+2] mode is most stable. The stability of dimer structures increases after
their doping, except for C36 dimer which shows decrease in stability w.r.t. doped structure.
In C31N − C31B dimer, the most favourable position for (N,B) is (19,43), while relative
energy difference for (28,40) position is 1.29 eV. The η and χm values are higher for (28,40)
position of (N,B). For C35N − C35B dimer, (8,46) position is most stable, whereas Er for
(13,54) position is 0.74 eV. The two positions (25,65) and (27,67) in C39N − C39B dimer
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are isoenergetic, whereas in C43N − C43B dimer (18,56) position is the most favourable
one and Er for (20,54) position is 0.52 eV. The chemical hardness and electronegativity for
C35N − C35B, C39N − C39B and C43N − C43B dimers are equal for their isomers. The
connecting bond length of N-B bond is 1.55 A˚ and C-C connecting bond length is 1.67
A˚ for all these dimers. The average diameter varies for doped dimers as compared to their
pure counterparts.
Hence substitution of N and B at junction of small fullerene dimer cages leads to change
in stability as well as structural parameters. The stability of dimers increases with their
doping except for C24 and C36, which are more stable in their pure form. The doping in C20
and C40 cage leads to opening of the fullerene cages at the junction of dimers.
3.2 Electronic and Magnetic Properties
The spin polarized calculations have been performed to study the magnetic properties of
substitutionally doped small fullerene dimers. The HOMO-LUMO gaps for spin up and spin
down electronic states, total magnetic moments (TMM), local magnetic moments (LMM),
Muliken charge analysis and density of states (DOS) have been studied and are shown in
Figure 2 and 4, whereas localized MMs for some particular cases are plotted in Figure 3.
In our earlier work we have investigated the pristine dimer structures systematically[25].
The electronic and magnetic properties of the doped dimers presented in this paper have
also been compared with the pristine dimers for better understanding of the change in the
properties. We have also calculated the TMMs in different correlation fields as shown in
Figure 2. The TMM has been found to be same with PBE and BLYP exchange correlation
functional. However, the LDA (Local Density Approximation) approximation considered
through CA (Ceperley Alder) underestimates the TMMs due to the treatment of exchange
correlation in Local Density field.
The C20 dimer and N,B substituted C20 dimer both are non-magnetic. Figure 3 and
4 show localized MMs and DOS respectively for C19N − C19B dimer, which confirm its
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non-magnetic nature owing to its equal spin up and spin down charge density. The HOMO-
LUMO gaps for spin up and spin down states are equal as all the electrons are paired.
Muliken charge analysis shows the electron donor and acceptor behaviour between N and B
atom where N donates 0.56 electrons to B, whereas additional charge is gained by B atom
from the surrounding C atoms (Table 2).
Pure C24 is magnetic in nature having total MM of 4 µB [25]. The substitution of C
with N and B at junction of two cages in C23N − C23B dimer structure results in decrease
in total MM from 4 µB to 2 µB. TMM for all five isomers is found to be identical. The
localized MM shows that the major contribution towards total MM comes from first and
second nearest neighbours (NN) near connecting bonds. The localized MM also confirm
the ferromagnetic nature of interaction between two cages. The plotted spin up and down
electronic densities are unequal which shows the magnetic nature of the dimer. The DOS
shows significant change near the Fermi level after doping, which indicates the increase of
conductivity of dimer with doping and it become half-metallic which also shows finite energy
difference in its spin up and down HOMO-LUMO gap. The unpaired electrons in highest
occupied orbital leads to the magnetic nature of dimer structure. There is a transfer of
0.4 electrons from N to B atom, whereas additional charge on B atom is because of charge
transfer from the surrounding C atoms.
C27N − C27B and C35N − C35B both show decrease in the magnitude of TMM w.r.t.
their pure structures. For C27N − C27B dimer it reduces from 6 µB to 5.87 µB, whereas
for C35N − C35B it decreases from 4 µB to 3.52 µB. The localized MM shows that the
major contribution towards total MM comes from first and third nearest neighbours from
the connecting bonds. The reduction in the total MM w.r.t. doped dimer may be due to
the charge transfer between N and B atoms. As B is an electron deficient element, so it
gains charge from N and surrounding C atoms, which leads to quenching in local MM from
these C sites, resulting in the reduction of magnetism (Table 2). Both the dimer structures
have ferromagnetic interaction as spin up charge density is higher than spin down charge
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density. DOS plots also confirm the same magnetic behaviour. The conductivity of doped
dimer increases with doping due to the modification of electronic states near Fermi level.
The finite energy difference between HOMO-LUMO gaps of spin up and spin down states is
consistent with the electronic DOS and explain the magnetic nature of these dimers.
It is important to highlight that the pristine dimers of C32, C40 and C44 are non-
magnetic[25] and their state remains unaltered even after doping with N and B atoms.
The calculation of on site local MM further confirms the non-magnetic nature of the doped
dimers. The electronic DOS of these dimers shows significant change in the density distribu-
tion near the Fermi level w.r.t. the pristine dimers, which shows decrease in HOMO-LUMO
gap. C40 dimer becomes metallic with substitutional doping as more empty states are cre-
ated near the Fermi level due to redistribution and polarization of electrons. The spin up
and spin down HOMO-LUMO gaps are equal for all these dimers which further confirm
their non-magnetic nature. Muliken charge analysis show that N behaves as electron donor
whereas B atom accept electrons resulting in transfer of charge between the two cages.
Substitution of N and B in symmetrical dimers alter their electronic and magnetic prop-
erties significantly w.r.t. their pristine configuration. The change in the magnetic properties
can be explained on the basis of change in localized MM of C atoms near the connecting
bonds on doping. The substitution with N and B leads to decrease in magnetic moment of
C24, C28 and C36 dimers, while C20, C32, C40 and C44 dimers do not show any change in their
non-magnetic nature. However, the conductivity of these dimers increase due to decrease in
HOMO-LUMO gap and charge transfer/redistribution.
3.3 Optical Properties
The optical properties of the pristine and doped dimers have been investigated by application
of an average electric field. The frequency dependent dielectric function is a key parameter,
which provides information about nature of electromagnetic interaction with system[36, 53].
Figure 5 show the real and imaginary parts of dielectric function for pure (Figure 5 a,c) and
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doped (Figure 5 b,d) small fullerene dimers respectively. The magnitude of static dielectric
function for pure C20 dimer is 1.64 which increases to 1.86 for doped dimer. In a similar
way, the static dielectric function increases for C32, C36 and C40 dimers on doping with N
and B atoms, whereas for C24, C28 and C44 dimers its magnitude decrease after doping. In
addition to this, among all the considered pure fullerene dimers, the highest value of static
dielectric function is 8.32 for C28 dimer which reduces to 7.84 after their doping, while the
lowest value is for C32 dimer (1.47) which increases to 1.54 after its doping. In an optical
spectrum, the first absorption peak gives the optical transition threshold, which is related
to optical gap i.e. the energy gap between highest occupied and lowest unoccupied energy
states of fullerenes[36]. The spectrum of imaginary part of dielectric function (Figure 5 c
and 5 d) represents the optical gaps of pure and doped C20 and C32 dimers, which lies in
the visible region whereas for other dimers the optical gaps shift to lower energies (higher
wavelengths) in the infrared region. Among pure dimers, C20 dimer has highest optical gap
(2.65 eV) whereas C36 dimer has lowest optical gap (0.06 eV). After their doping, C31N-C31B
dimer has the highest optical gap (2.03 eV) while C35N-C35B dimer has lowest optical gap
(0.04 eV). For C20, C36, C40 and C44 doped dimers, the optical gaps are red shifted w.r.t.
their pure counterparts, while for C24, C28 and C32 the optical gaps shift slightly towards
lower wavelength. The presence of optical gaps in all considered dimers show that these
fullerene dimers are optical semiconductors[36, 37]. The optical gaps are consistent with
HOMO-LUMO gaps which also confirm the semiconducting nature of the dimer structures.
The doped C32 dimer, which has lowest dielectric function and highest optical gap among all
the other doped dimers can be used in short-wavelength optoelectronic device application.
Figure 6 a,b represents the energy dependence of absorption coefficient for pure and doped
dimer structures. It is clear from the spectrum that absorption starts in infrared region for
all the dimers and after their doping the onsets of spectrum shift towards longer wavelengths.
For pure dimers, the highest absorption peak falls in Ultraviolet (UV) region. The highest
peaks of absorption spectrum are redshifted for doped C20, C28, C32, C36, C40 and C44 dimers,
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whereas for doped C24 the highest peak is blueshifted w.r.t. its pure dimer. In case of C20
dimer, the doping of dimer with (N,B) leads to shifting of the highest absorption peak from
UV to visible region. For all the dimers the strongest peak occur within the energy range
1.5-12 eV, which falls in UV and visible region indicating the maximum absorption. The
optical conductivity have also been plotted for pure and doped dimers in Figure 6 c,d. The
optical conductivities for all the pure and doped dimers mimic the trend as seen for their
absorption coefficients (Figure 6 a,b) and the only difference lie between the amplitude of
two spectrum. The peak height of absorption coefficients exceed the peak height in optical
conductivity.
The values of reflectivity and refractive index are shown in Figure 7. The highest refrac-
tive index for pure C20, C32, C40 and C44 dimers occur at photon energies of 2.29 eV, 1.8
eV, 2.68 eV and 1.61 eV, which fall in visible region and have magnitude 1.63, 1.39, 1.69
and 1.78 respectively. The highest peak of reflectivity shows that the system reflects photon
of that particular energy at which highest peak occurs. The doping of these dimers shifts
the highest peak towards longer wavelength between energy range 1.52-2.65 eV. Decrease in
their highest refractive index also occur with doping. For C24, C28 and C36 pure dimers, the
highest refractive index lies in IR region with magnitudes of 2, 2.72 and 1.59 respectively.
The doping of these dimers results in the decrease of magnitude of refractive index and
hence transparency of system also increases. The pure and doped dimers show low values of
reflectivity as compared to refractive index and vice versa. This particular property is used
for optoelectronic device applications[36].
4 Conclusions
The substitutional doping by N and B of symmetrical fullerene dimers (C20, C24, C28, C32,
C36, C40 and C44) has been investigated using DFT calculations to study their electronic
and magnetic properties. The interaction energy values show that all the doped dimers are
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energetically favourable and are likely to be formed experimentally. The chemical hardness
factor infers that the doped dimer structures have higher chemical reactivity as compared to
other B and N doped carbon materials like sumanene. There is an opening of cage structure
at junction of two cages with substitutional doping with N and B in C20 and C40 dimers.
The total MM of pure magnetic dimers decrease with doping, while for non-magnetic pure
dimers, it remains the same. All the magnetic dimers considered have shown ferromagnetic
nature of magnetic interaction between two cages. For magnetic dimers, the HOMO-LUMO
gaps for spin up and spin down states have finite energy difference which results in their
magnetic behaviour, whereas the non-magnetic dimers have isoenergetic spin up and spin
down states. The electronic DOS depicts that the conductivity of the pure dimers increase
with doping due to redistribution and polarization of charge. Muliken charge analysis reveals
that there is significant charge transfer of order 0.5 e from N to B atom. The surrounding
C atoms donate 0.2 e to B due to their higher electronegativity. The optical properties of
dimers calculated in the presence of an applied electric field show them behaving as optical
semiconductors. The lowest dielectric function and highest optical gap of C32 dimer can be
used in short-wavelength region. The doping of C20 dimer with B and N lead to the tuning
of the absorption coefficient from UV to visible region. For all the dimers, the maximum
absorption takes place in UV and visible region. The doping of dimers results in decrease
of refractive index and hence transparency of system increases. The tunable electronic,
magnetic and optical properties of these dimers facilitate them as a good conducting as
well as magnetic materials, which can have potential applications in both spintronics and
electronics.
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Table 1: Interaction energies (Eint), chemical hardness (η) and electronegativity (χm) of all
possible isomers of symmetrical small fullerene dimers
Dimer Eint [Ref. 25] (eV) Dimer Isomers Eint (eV) η (eV) χm (eV)
C20 − C20[2+2] -4.35 C19N − C19B (9,39) -4.59 0.65 3.50
(12,40) -4.43 0.64 3.50
C24 − C24[6+6] -5.18 C23N − C23B (22,29) -4.07 0.09 3.97
(5,46) -3.65 0.08 3.97
(23,32) -3.57 0.08 3.98
(8,47) -3.47 0.09 3.97
(4,28) -2.97 0.09 3.98
(24,48) -2.64 0.08 4.00
C28 − C28[5+5] -2.01 C27N − C27B (13,34) -3.00 0.05 3.92
(19,31) -2.19 0.02 3.92
(22,36) -1.93 0.05 3.91
(14,32) -1.84 0.05 3.92
(23,52) -1.66 0.03 3.93
C32 − C32[2+2] -1.55 C31N − C31B (19,43) -3.00 0.15 3.79
(28,40) -1.71 0.17 3.86
C36 − C36[2+2] -1.57 C35N − C35B (8,46) -1.34 0.03 3.70
(13,54) -0.60 0.03 3.69
C40 − C40[2+2] -0.72 C39N − C39B (25,65) -1.74 0.06 3.74
(27,67) -1.74 0.06 3.74
C44 − C44[2+2] -0.34 C43N − C43B (18,56) -1.38 0.08 3.99
(20,54) -0.86 0.08 3.99
Table 2: Muliken charge analysis for most stable structures of doped symmetrically sized
fullerene dimers. + and - sign indicates loose and gain in charge, respectively.
Dimer N+ B−
C19N-C19B 0.560 0.747
C23N-C23B 0.398 0.648
C27N-C27B 0.407 0.663
C31N-C31B 0.448 0.746
C35N-C35B 0.460 0.715
C39N-C39B 0.511 0.851
C43N-C43B 0.450 0.762
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Figure 1: Doping positions for all symmetrically sized dimers.
Figure 2: Total Magnetic Moments and HOMO-LUMO gaps for symmetrical small fullerene
dimers.
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Figure 3: Local Magnetic Moments for a) C19N − C19B, b)C23N − C23B, c) C27N − C27B
and C31N −C31B. The yellow, green and sky blue balls refer to carbon, boron and nitrogen
atoms.
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Figure 4: Density of states for doped symmetrical small fullerene dimers. The plots are
compared with DOS for pure dimers [Ref. 25].
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Figure 5: Real (1; a,b) and imaginary (2;c,d) parts of dielectric function for Pure (a,c) and
Doped (b,d) dimers.
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Figure 6: Variation in absorption coefficient (a,b) and optical conductivity (c,d) with photon
energy for Pure (a,c) and Doped (b,d) dimers.
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Figure 7: Reflectivity (a,b) and Refractive Index (c,d) for Pure (a,c) and Doped (b,d) dimers.
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